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INTRODUCTION
Agriculture faces the awesome responsibility of producing
sufficient food and fiber to meet man's needs in an era of un
precedented world population growth. Since it is becoming
apparent that natural resources must be carefully conserved if
future generations are to survive, agriculture must reduce its
detrimental effect on the environment by minimizing water,
soil, nutrient, and other chemical losses.
It is generally recognized that soil erosion has been an
active process throughout geologic time. However, man's ac
tivities have accelerated the rate of erosion to the detriment
of the environment. The problems associated with soil erosion
still continue today in spite of large expenditures by the
private and public sector for soil conservation practices.
Sheet-rill and gully erosion takes land out of crop production
and makes it increasingly difficult to farm with large multi-
row machinery. Sediment is a prime transporter of agricultural
chemicals such as fertilizers and pesticides that are applied
to land in order to increase crop production per unit land
area. This is exemplified by the sharp decline in designed
storage capacity of many reservoirs built primarily for flood
control. Sediment increases water treatment costs and impairs
the quality of the outdoor recreational experience.
The objective of traditional tillage research has been to
increase food and fiber production while minimizing water and
soil losses. The number of tillage alternatives was relatively
low before chemical weed control became practical and mainly
consisted of modifications of conventional tillage practices.
With the advent of chemical weed control and improved planter
design, conservation tillage practices are becoming increas
ingly practical. Research has shown that a protective mulch
on the soil surface usually increases infiltration, decreases
splash erosion by reducing the kinetic energy of the raindrop,
and decreases soil erosion.
The three major plant nutrients, nitrogen (N), phosphorus
(P), and potassium (K), are prominent among the many nutrients
that are essential for plant growth and have received consider
able study and attention. Nitrogen, P, and to a small extent
K are converted into organic compounds after being assimilated
by the plant, and then are slowly released to available form
during decomposition of the residue. When the plant residues
are returned to the soil, they are attacked enzymatically by
soil microorganisms. Residue decomposition proceeds at a rate
that is maximum for the limiting factor. Some of the factors
that affect decomposition under field conditions are quantity
of residue added, soil temperature, soil moisture, and the
chemical composition of the residue. Depending upon the
chemical composition of the residue, N is either mineralized or
immobilized during the early stages of decomposition. Inor
ganic N that is immobilized by the soil microorganisms is
converted into organic N with the synthesis of microbial cell
tissue. This microbial protein is not rapidly mineralized
back to inorganic forms since it is somewhat resistant to
further biological attack. Surface residue, since it is
slower to decompose, tends to retain immobilized N longer than
buried residue.
In many previous experiments, water and soil losses have
been measured under varying residue application and landslope
conditions. Little research has been reported where water and
soil losses have been related to the rate of cornstalk residue
decomposition. Much of the research that has studied the in
fluence of N on residue decomposition was conducted in the
laboratory under carefully controlled conditions. The study
reported herein was conducted on a conservation tilled corn
watershed in southwestern Iowa, near Treynor. The objectives
were as follows: (a) to follow, with time, the effect of
cornstalk residue decomposition on water and soil losses,
(b) to determine the rate of release of N, P, and K from de
composing cornstalk residue, and (c) to determine the amount
of N mineralized from the soil organic matter. Results from
the last two objectives will provide information needed to
more carefully define N inputs into the soil system.
LITERATURE REVIEW
Conservation tillage practices show great promise in re
ducing soil erosion and associated chemical losses while in
creasing the productivity of the soil at lower management
costs. In the thick loess region of southwestern Iowa where
erosion is a serious problem, conservation tillage practices
are slowly gaining greater farmer acceptance.
The following is an examination of the literature regard
ing (a) the protective feature of the surface residue and its
effect on water and soil losses, and (b) the influence of N on
residue decomposition. Particular attention will be given to
N immobilization and mineralization transformations. The
literature is voluminous on these subjects so this review
will include only selected references considered to be impor
tant in understanding underlying principles, and those that
illustrate basic findings.
Soil Losses as Influenced by Tillage
Practice and Residue Cover
Conservation tillage includes a number of tillage prac
tices that utilize the protection of crop residues to reduce
water and soil losses. The literature reports on a large
niimber of tillage practices that fall under the category of
conservation tillage. The exact definitions of these systems
are ambiguous, in many instances, depending upon the author
and region of development. Much of the early work with
conservation tillage was initiated in the semi-arid west in
the 1930*s after the tremendous dust storms of that era,
Duley and Russel (19^1) were among the first to conduct
research on the water and soil conservation practice of
stubble mulching. They compared water and soil losses from
plots where corn residues were removed and where the residues
were left on the surface. Water and soil losses from the no
residue plowed plots were 2,2 inches and 2.5 tons/acre, re
spectively, for a two month period where 7.12 inches of pre
cipitation was recorded. For the same period, water and soil
losses from the residue subsurface tilled plots were 1.1
inches and .5 tons/acre, respectively.
Duley and Kussel (19^2) measured water and soil losses
from fallow and wheat straw covered plots. The soil was a
silt loam with a kfo slope. Simulated rainfall was applied
to the fallow and residue plots at the rate of 1,59 and 1.^5
inches/hour, respectively. Total water and soil losses from
the fallow plots were 9"06 inches and 3'^^ tons/acre, respec
tively, for the entire study period. Comparable losses were
AZ inches and .03 tons/acre, respectively, from the residue
plots.
Beale et al. (1955)» in a 10 year South Carolina study,
evaluated the effects of conventional and mulch tillage prac
tices on water and soil losses from a sandy loam soil. Aver
age annual water and soil losses from the conventional system
were 1.52 inches and 1.22 tons/acre, respectively- For the
mulch system, the average annual water and soil losses were
.56 inches and .4-3 tons/acre, respectively. The plots were
cropped to com with a winter cover crop of vetch and rye.
Gard et al. (I956) reported on a long-term experiment in
Illinois where water and soil losses were measured from plots
planted in a corn, winter wheat, and lespedeza rotation. The
plots were established on a Bransburg silt loam on 5 and 9^
slopes. Water and soil losses were measured from 1939 to 1953.
However, from 1939 to 19^6 the crop residues were removed, and
from 19^7 to 1953 the crop residues were returned. For the
corn plots on the 9^ slope, the average annual water and soil
losses were 3«24 inches and I.98 tons/acre, respectively, for
the 1939 to 19^6 period. For the 19^7 to 1953 period, average
annual water and soil losses were 2.63 inches and .29 tons/
acre, respectively.
Mannering and Meyer (I96I) evaluated the effect of differ
ent cornstalk residue management methods on water and soil
losses in Indiana. Soils were a Warsaw loam of and a
Russel silt loam of 3*5^ slope. The three methods of residue
management were as follows 1 (a) stalks as left by a corn-
picker (check), (b) stalks shredded after harvest, and
(c) stalks shredded and disked once. About 3 tons/acre of
residue was returned to the plots at harvest. Rainfall was
applied at the rate of 2.4 inches/hour with a rainfall simu
lator, Soil loss from the plots where the stalks were shredded
after harvest was less than one-half of that from the other
two treatments. Greater erosion control was attained because
the shredding distributed the com residue more uniformly
over the plot surface.
Whitaker et al. (I96I) studied the effects of different
mansigement practices on water and soil losses in the claypan
region of central Missouri. They found that a subtilla^e
method where cornstalk residues were left on the surface re
duced water and soil losses when compared to conventional till
age, Water and soil losses from adequately fertilized com
where the residue had been returned to the soil compared
closely with the water and soil losses from meadow for the
period from hairvesting to planting.
Mannering and Meyer (I963) evaluated the effect of six
rates of wheat straw mulch on infiltration and soil loss. The
soil in this study was a highly permeable Wea silt loam on a
5^ slope. The mulch was applied at rates ofO, i, 1, 2,
and 4 tons/acre. Rainfall was applied to the plots at the
rate of 2.5 inches/hour with a field simulator. Soil losses
for the 0, i, and i ton/acre treatments were 12, 3, and 1 ton/
acre, respectively. Low mulch rates were very effective in
reducing runoff velocity and sediment movement. Mulch also
increased infiltration due to a reduction in surface sealing.
Taylor et al. (1964) studied the effects of two residue
treatments on water and soil losses in Wisconsin. The study
was conducted on a Fayette silt loam with a X6^ slope in 195^
and a Miami silt loam with an 6% slope in 1955. The two
8residue treatments were as followsi (a) cornstalks chopped
after harvest and spread uniformly on continuous com plots,
and (b) cornstalks removed after harvest on plots in a com-
oats-hay rotation. The continuous com plots received 20 tons/
acre of barnyard manure in 195^ prior to seedbed preparation.
Prior to seedbed preparation in 19551 the continuous com
plots received 10 tons/acre of manure, and the com plots in
the rotation received 5 tons/acre. Water and soil losses from
the com mulch-manure treatment were lower both years when com
pared to the corn and oats plots in the rotation.
Meyer et al, (1970) reported on research where the effect
of six straw mulch rates on water and soil losses on steeply
sloping soil was studied. Rainfall was applied at the rate of
2.5 inches/hour on plots with 15^ slopes. They found that a
^ ton/acre application reduced soil loss by about 97^ when
compared to the no mulch treatment.
Moldenhauer et auL. (1971) studied the effects of tillage
practices on water and soil losses from Marshall silt loam
soils on 6.9 and 9-0^ slopes. The tillage practices
were as followsi (a) conventional system, (b) till-plant
system, and (c) ridge system. The conventional system in
cluded the normal pre-plant tillage operations of plowing,
disking, and harrowing. No field operations were necessary
prior to planting in the till-plant and ridge systems. Before
rainfall was applied, the com residue was adjusted to 1.5
tons/acre on all plots. Rainfall was applied at the rate of
2-5 inches/hour for 1.^ hours the first day and 1.0 hours the
second day. The ridge system was highly effective in reducing
soil loss when compared to the conventional and till-plant
systems. Soil losses on the slope for the conventional,
till-plant, and ridge systems were 20.1, 11.3, and 6.8 tons/
acre, respectively. Slope had little effect on water losses,
but soil losses increased with slope except for the ridge
system. Soil losses on the 9'0^ slope for the conventional,
till-plant, and ridge systems were 36.7i 25.0, and 5*9 tons/
acre, respectively. Water losses from the ridge system were
higher than from the other two tillage systems. This fact was
attributed to mulch having more effect on infiltration on
tilled than untilled soil.
Harrold and Edwards (1972) reported soil losses from a
severe rainstorm that occurred on contoured conventional and
no-till watersheds in Ohio that were planted to com. The
storm, which had a return frequency of once in over a 100
years, produced over 5 inches of precipitation in 7 hours.
The average percent landslope of the conventional till water
shed was while that of the no-till watershed was 20.7?5.
Despite the steep landslope of the no-till watershed, soil
losses were greatly reduced when compared to the conventional
till watershed. Soil losses from the conventional till water
shed and the no-till watershed were 3.22 and .03 tons/acre,
respectively. However, the no-till watershed had been in
bromegrass pasture for 30 years prior to initiation of the
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conservation tillage practice. The sod residue that remained
undoubtedly helped to stabilize the soil surface and reduce
soil loss,
N Immobilization and Mineralization Transformations
Nitrogen is essential for the formation and functioning
of plant cells. Some of the compounds that include N are the
alkaloids, amides, amino acids, chlorophyll, protein, and the
protoplasm of the plant. In the absence of N fertilizer, soil
N is derived almost entirely from the decomposition of organic
compounds ranging from those in fresh residue material to those
in the relatively stable humus material. The transformation
of N in the soil is almost entirely controlled by soil micro
organisms.
The composition of the plant residue under biological
attack has received considerable study and attention. Merkle
(1918) found that residues high in Ncontent decomposed at a
faster rate than those of low N content. V/aksman and Tenny
(1927) studied the relationship between chemical composition
and the decomposition rate of ryegrass. They found the cellu
lose, pentose, and lignin content to increase and the N, ash,
and fat content to decrease as the ryegrass matured. The
decomposition rate was highly dependent upon the lignin and
nitrogen content of the material. The rate of decomposition
increased with increased N content and decreased with increased
lignin content, Peevy and Norman (19^8) removed different
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organic compounds from oat straw "by chemical extraction. De
composition and lignin content were found to have a strong
negative correlation.
Much of the early work on residue decomposition was con
cerned with the effect of the C/N ratio on the rate of decom
position and N transformation. The C/N ratio has been widely
used as an index of the relative availability of C and N in the
residue for the growth of soil microorganisms. This relation
ship is £Ln indication as to whether net N mineralization or
immobilization is occurring and has been used extensively for
many years (Rubins and Bear. 19^2j Broadbent. 1946; Iritani
and Arnold, i960).
Jensen (I929) found that the rate of nitrification in
creased rapidly below a C/N ratio of 26 when pea pod meal was
added to an alkaline soil. Salter (1931) demonstrated that N
immobilization occurred when residue with a high C/N ratio
was added to soil. He found the nitrate content of the soil
decreased when residue with a high C/N ratio was added and
increased when residue with a low ratio was added.
However, the use of the C/N ratio has certain limitations
since many other factors influence immobilization and miner
alization transformations. Hutchings and Martin (1934) ad
justed the C/N ratio of several residues by adding NaNO^ or
cellulose. They found that increasing the C/N ratio from 10
to about 80 had little effect on the decomposition rate of
alfalfa, sweet clover, and straw. Peevy and Norman (1948)
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showed that at a given C/N ratio decomposition "became slower
as the lignin content of the residue increased. Winsor and
Pollard (1956b) added carbonaceous and ordinary residue materi
al to soils to compare N immobilization and mineralization
rates. They found these N transformations occurred at a much
faster rate when carbonaceous material was added.
The supply of substrate under biological attack must also
be considered when studying residue decomposition. Broadbent
and Bartholomew (19^8) measured CO2 evolution from flasks where
different quantities of oat straw had been added. Adequate
aeration and nutrient supplies were added. They found the de
composition rate/unit straw decreased as the quantity of straw
added increased. Evidently, microbial development was re
stricted by physical and biotic factors when large quantities
of oat straw was added.
Allison and Klein (I962) measured COg evolution and soil
NO^-N content over short time intervals to determine the rate
of net Nimmobilization. Sufficient NaNO^ was added to the
soil to increase the N content of the wheat straw from
to Maximum immobilization occurred after three weeks
and averaged 1.7?S of the original straw weight. Carbon
dioxide evolution at the time of maximum immobilization was
about XQfo of that measured after two days. For the remaining
nine weeks of the study, N was very slowly mineralized. About
30^ of the N immobilized was subsequently mineralized during
this period. They also examined data published by Winsor and
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Pollard (1956a) who used sucrose as an energy source. Since
sucrose is completely available, they found net N immobiliza^
tion occurred after only two days and averaged 3*7?^ of the
original sucrose weight. Nitrogen was slowly mineralized dur
ing the remaining two weeks of the study. These studies show
that samples must be taken frequently if maximum N immobiliza
tion is to be determined. Other researchers have also re
ported rapid immobilization of N during the early stages of
plant residue decomposition (Richards and Norman, 1931J
Broadbent and Tyler, I962),
Several researchers have shown that the mineralization of
immobilized N proceeds at a slow rate (Jansson, et al., 1955;
Stewart, 1959). It is not completely understood why microbial
protein is somewhat resistant to further biological attack.
One possible mechanism involves a chemical association of the
microbial protein with nonprotein substances resulting from
decomposition of the residue.
Jansson (I963) used the tracer technique to determine
the amount of immobilized N that was mineralized and recovered
each year by oats. He found that about kfo of the immobilized
N was recovered each year by the indicator crop. Stewart
et al. (.1963), using the same technique, found that less than
50^ of immobilized fertilizer N was mineralized and taken up by
indicator crops after four successive croppings.
Fribourg and Bartholomew (1956) conducted a field study to
determine N availability from crop residues using indicator
Ik
crops of corn and oats. The crop residues used included al
falfa tops, red clover tops, soybean straw, and oat hulls.
Alfalfa tops increased com production when compared to red
clover tops during the first cropping season after applica
tion. Soybean straw did not affect corn yield when compared
to the check, but the oat hulls decreased com yield about
12^. Since the oat hulls had a very low N content, the soil
microorganisms immobilized soil N to synthesize new cell
tissue which resulted in a soil N shortage that reduced crop
yield. Very little additional N was mineralized from the al
falfa and red clover tops the second year. Oat hulls had no
effect on N uptake of oats the second year,
Parker et al. (1957) evaluated nitrogen immobilization
patterns in soils as influenced by residue location. In one
phase of the study, cornstalk residue was surface and subsur
face applied in glazed jars and incubated for 111 days. After
incubation, the surface and subsurface applied residue had de
composed ^3 aJid 72^, respectively. Subsurface residue decom
posed faster than surface residue due to greater physical
contact between the residue and soil. The N percentage of the
surface residue increased from .98 to 1,26%, but total N con
tent of the residue decreased 27^. The N percentage of the
subsurface residue increased from .98 to 1.93?S. However, the
total N in the residue decreased by kkfo. It was demonstrated
in another phase of the study that the N content of surface
residue could be increased by evaporation. The upward
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movement of the soil solution resulted in NO^-N being deposited
in the residue.
Phosphorus is also required for the synthesis of microbial
cell tissue and enters into immobilization and mineralization
transformations. Thompson et al. (19^8) accumulated microbial
tissue in the parent material of an acid and alkaline soil by
making periodic additions of sucrose, N, and P. After ten
weeks, an average of 91% of the added N and 39^ of the added
P was immobilized as organic N and organic P. Mineralization
of C, N, and P was then determined by incubating the samples
at 35G for 5i 15» 30, and 45 days. At the end of ^5 days for
the acid soil, 2Zfo of the P, 26^ of the N, and 33^ of the C
had been mineralized. For the alkaline soil, ^6fc of the P,
I65S of the N, and 38^ of the C was mineralized. Phosphorus
was mineralized faster from an alkaline soil (pH 7.5) than
from an acid soil (pH if.l).
Black and Reitz (1972) conducted a laboratory study to
evaluate the amount of fertilizer P immobilized by wheat straw
in the P deficient soils of the northern Great Plains. Vari
ables included soil type, straw application rate, and P
application rate. Straw was applied to a Tally loamy sand,
Dooley sandy loam, Williams clay loam, and Cheery silty clay at
rates of 0, 2.5, 5, and 10 tons/acre. The P treatments in
cluded applications of 0, 32, 6k, I30, 260, and 520 pounds/
acre. The soils that received the differential treatments
were incubated for a period of 60 days. The recovery of added
16
P progressively decreased as the rate of straw added increased.
Also, the relative quantity of added P recovered increased as
the rate of fertilizer P increased. It was concluded from the
study that each ton of wheat straw residue containing •06?S P
immobilized about l.if pounds/acre of P.
Most experiments on plant residue decomposition have been
conducted in the laboratory and greenhouse. However, some
field studies have been completed. McCalla and Duley (19^3)
studied the decomposition of corn and wheat residue applied in
the field. Cornstalk and wheat residues were applied at the
rate of two tons/acre and periodically sampled over an 18 month
period. After six months, 29^ of the cornstalk residue and 66^
of the wheat residue had decomposed. Some cornstalk residue
still remained after 18 months. They also studied the effect
of two tillage treatments on cornstalk residue decomposition.
Cornstalks decomposed faster with plowing than when the plots
were subtilled. After two years, cornstalk residue for the
plowed treatment was about two-thirds of the subtilled
treatment.
Smith and Douglas (I968) studied the effect of three
residual levels of N fertilizer on wheat straw decomposition.
Twenty-five gram samples of straw were enclosed in fiberglass
bags and buried six inches into plots. One sample was removed
each month for three months. The residue was analyzed for
weight loss, C percentage, and Npercentage. The average
weight loss for months one, two, and three was I9, 32, and
17
respectively, of the original material. The residual N
fertilizer from 0, 79, and 239 pounds/acre treatments had no
effect on residue decomposition. The N percentage of the
samples increased over time and with additional increases for
each additional increase in residual N. Since the residual N
treatments did not affect the rate of decomposition, the
authors concluded that soil microorganisms were immobilizing
N from the soil in excess of their needs. The N content of the
residue increased with each increase in residual N but was
variable over time. The average C/N ratio decreased from 102
to 57 over the three month period due to a loss in C content
and increase in N content.
Smith and Douglas (1971)i in a similar study, followed the
decomposition of wheat straw over a I3 month period. Straw
residue samples (25 g) were enclosed in fiberglass bags and
buried six inches into the soil. Nitrogen fertilizer was
applied at the rate of 75 lbs/acre to one-half of each plot.
The N percentage of the straw placed in the N treated plots
was increased from about .28 to 1.53^ in the laboratory prior
to placement. Four bags were buried in each plot with one be
ing removed two, six, eight, and thirteen months after place
ment. After 13 months, decomposition based on the original
straw weight averaged 71^ on the untreated and 81^ on the N
fertilized plots. The N percentage of the N treated residue
decreased from about 1.53 to .92?? during the study. For the
untreated residue, the N percentage increased from about .28
18
to .66^. The N content of the N treated straw decreased about
55^ by the end of two months. This rapid decrease would not
have occurred if the added N was immobilized by the soil
microorgsinisms. Rainfall probably leached much of the added
N into the soil. The N content of the untreated residue in
creased about 12^ during the first six months and then de
creased slowly. By the end of the study, the N content had
decreased to about one-third of the original. The C/N ratio
of the nontreated residue decreased from 144 to 64 while the
C/N ratio of the N treated residue increased from 26 to 46,
Parker (1962) studied the decomposition of surface and
buried cornstalk residue samples. The plot treatments were as
followsi (a) no residue, no N; (b) no residue, N; (c) residue
plowed down, no Nj (d) residue plowed down, N; (e} surface
residue applied, no Nj and (f) surface residue applied, N.
For the N treated plots, NH^^NO^ fertilizer was applied at the
rate of 120 pounds of N/acre. Twenty-five gram samples of
cornstalk residue were enclosed in fiberglass bags and either
surface applied or buried to a depth of six inches. Bags
were periodically removed over a five month corn growing sea
son to determine residue weight, C content, and N content.
Buried residue decomposed faster than surface residue. By the
end of the season, ^0 and of the surface and buried residue
had decomposed, respectively. The residue and N treatments
had little effect on decomposition- Nitrogen percentage in
creased from .79 to 1.72^ for the surface residue and from
19
»79 to 2,06^ for the buried residue. The N content of the
buried residue was affected by the N treatment applied to the
plots but not the residue treatment. The N treatment had no
effect on the N content of the surface residue, but the N
content was higher for the fallow than residue covered plots.
The buried residue immobilized about four pounds of N/ton of
residue while no N was immobilized by the surface residue. A
net mineralization of N occurred by the end of the season for
the buried residue. There was no N mineralized from the
surface residue. The C/N ratio decreased from 57 to 30
the surface residue and from 57 to 22 for the buried residue.
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MATERIALS AND METHODS
This section contains the procedural framework for the
study. The area and experimental site location are de
scribed. Methods of data collection and analyses are
specifically discussed.
Field Studies
Research was conducted on a 107 acre experimental water
shed located in southwestern Iowa, near Treynor. This water
shed is one of five operated by the USDA Agricultural Research
Service in cooperation with the Iowa Agriculture and Home
Economics Experiment Station and the Nebraska Agricultural
Experiment Station. A description of the watersheds including
size, cropping, conservation practice, and fertilizer applica
tion is in Table 1.
Hydrologic and sedimentation data have been collected
from the watersheds since 196^. In 19^91 data collection was
initiated to characterize nutrient losses associated with
overland movement and deep percolation. All of the watersheds
are instrumented to measure precipitation and streamflow dis
charge. Precipitation measurements are obtained from record
ing rain gages distributed over each watershed. Streamflow
is determined at the watershed outlet using a broadcrested V
notch weir and water stage recorder. The study reported herein
was conducted on the experimental watershed listed as number 3
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Table 1. Description of experimental watersheds for crop
year 197^i Treynor, Iowa
Watershed
no.
Size
(acres) Cropping
Conservation
practice
Fertilizer
N P
lb/A—
1 74.5 Corn Field-contoured 400 35
2 82.8 Corn FieId-contoured 150 35
3 107.0 Com Mulch tilled 150 35
4 150.0 Com Tile-drained
terraced; Mulch
tilled
150 35
5 389.0 Mixed Level-terraced 113^ 25^
SL •Nitrogen and phosphorus fertilizer was applied to corn
only. Soybeans were not fertilized.
in Table 1.
The watersheds are located on an intergrade between the
Monona-Ida-Hamburg and the Marshall soil association areas.
These two soil associations comprise about 12% of the state.
The region is characterized by a thick loess mantle over
glacial till ranging in thickness from about 80 feet on the
ridges to less than 15 feet in the valleys. Slopes on the
watersheds range from 2 to IQfo. The alluvial valleys gener
ally have deeply entrenched streams and gullies. Sheet-rill
and gully erosion are serious problems if adequate conserva
tion practices are not used.
Principal soil types are the Marshall, Monona, Ida, and
22
Napier silt loams. The Marshall, Monona, and Ida soils occur
in the upland areas of the watersheds while the Napier soil
is associated with the alluvial valleys. In the USDA Soil
Conservation Service's Taxonomic System, the Marshall and
Monona soils are typic hapludolls and the Ida and Napier soils
are typic haplorthents and cumulic hapludolls, respectively.
These soils are classified as fine silty mixed mesics. A more
rigorous discussion of these soils is given by Oschwald et al.
(1965).
The mulch tillage system on watershed 3 was initiated in
the spring of 1972. Prior to the cropping change, the water
shed had been in bromegrass pasture for about 12 years. Corn
was planted in the sod residue with a four row Buffalo till
planter on 38 inch row spacings. The bromegrass had been
killed with a post-emergent herbicide about four weeks prior
to planting. Pre-emergent herbicide was applied at planting
to supplement mechanical weed control. At least one cultiva
tion is recommended with this tillage system to build a ridge
for corn planting the following year. In June of 197-^, the
watershed was cultivated twice. The soil was thrown toward
the center of the row during the first cultivation and out to
form the ridge during the second cultivation. Visual observa
tions indicated that much of the residue lying on the soil
surface was incorporated into the soil during these two
cultivations.
In summary, the mulch system used on watershed 3 requires
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only the following field operations* (1) stalk shredding.
(2) planting with the application of insecticide, herbicide»
and starter fertilizer, (3) cultivation to build a planting
ridge for the following year, and (4) harvesting.
Watershed 3 received the recommended fertilizer applica
tion rates of 150 pounds N/acre and 35 pounds P/acre. About
80^ of the N was applied as anhydrous ammonia knifed in to a
depth of 10 to 12 inches on JS inch row spacing. Most of the
remaining Nwas broadcast as NH^NO^ on the soil surface.
About 75?^ of the P was broadcast on the surface as superphos
phate. The remaining N and P was applied as starter fer
tilizer at planting.
Plots measuring 9-5 by 15 feet, representing three 15-foot
com rows, were established each spring to determine corn yield
at harvest. The location of these plots on a detailed topo
graphic map of watershed 3 is shown in Figure 1. Plots were
established on the ridge, middle, and bottom slope positions
of four traverses distributed over the watershed. Yield was
determined by weighing all ears removed from the plots includ
ing lodged stalks. Final yield was based upon a moisture
content of 15»5^' Stand at emergence and harvest was also
determined.
Mature com plants were harvested each fall to determine
the uptake of N, P, and Kover the growing season. Ten plants
were collected adjacent to each of the 12 yield sites on
watershed 3. The samples were weighed, dried, and ground for
Line 4 n
LEGEND
Corn Yield Sample Sites
= County Road
•1 200— Contours
Line 1—I
I /Ta
•-Line 3 — Line 2
0 500 1000
Scale in Feet
Figure 1. Com yield sample sites on a IO7 acre mulch tilled
watershed in southwestern Iowa
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nutrient analyses. Nitrogen, P, and K were determined
separately for the grain and stalks. The nutrient analyses
were performed by the soil testing laboratory at the University
of Nebraska, Lincoln, Nebraska,
Dry matter production of the stalks and leaves was de
termined for each plott These values were used to estimate
the quantity of cornstalk residue and plant nutrients returned
to the soil after the 1973 harvest.
Rainfall-simulator study
The portable rainfall-simulator developed by Adams et al.
(1957) that was used to measure the effect of decomposing
cornstalk residue on water and soil losses is shown in Figure
2. The apparatus had been slightly modified by Mausbach
(1973) to give an 8.2 foot raindrop fall height. Raindrops
were formed at the base of a brass supply tank resting on top
of the wind shield. The raindrop applicators were composed of
.25 inch O.D. glass tubing within which a wire was supported
to cause drop formation. The supply tank was 5,75 inches in
diameter and contained 100 holes in the bottom plate for
raindrop formation.
Rainfall was applied for one hour at the rate of ^.0
inches/hour (+ The rainfall rate was determined by the
height of water head in the supply tank. Water height was
maintained with a constant head device placed on a scissors
jack.
Figure 2. Modified Adams rainfall-simulator used to measure
water and soil losses
Figure 3- Special pans used to collect undisturbed soil
samples
%p
cz
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Soil samples were collected in the special soil pans
shovm in Figure 3. The pans were ^ inches square and 6 inches
deep. A runoff spout was attached to the top of each pan to
concentrate runoff into a collection beaker, A 5 inch high
plastic splash shield was placed on top of each pan during
the run to reduce water and soil losses from splash. The pans
were tilted on a 10^ slope during the runs.
Samples were collected in April, June, July, August,
September, and October of 197^. Additional samples were col
lected in late October to represent the surface mulch condi
tions immediately after harvest. Because water and soil losses
from the fall of 1973 were not determined, the data collected
in late October of 197^ was considered to be representative of
the surface mulch conditions immediately after the 1973
harvest,
Four undisturbed soil samples were collected from a 6,3
by 15 foot sample area adjacent to the yield plot located on
the ridge position of line 3- Residue coverage in this area
was considered to be representative of the entire watershed.
The bottom edges of the pans were sharpened so they could be
easily pushed part of the distance into the soil. After the
pan was set in place, surrounding soil was carefully excavated
with a trowel and sharp knife. A soil column was formed having
the same dimensions as the pan except that the column was
about 7 inches high. The pan easily slid down over the soil
column when firm downward pressure was applied if the soil was
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near field capacity. The pan sometimes had to be carefully
driven over the column imder drier conditions. Under very
dry conditions of 10-12^ moisture, water was ponded on the
sample area for 2k hours and allowed to drain for 48 hours
before the sample was obtained. The moisture content of the
samples was adjusted to near field capacity to ensure similar
antecedent moisture conditions.
Runoff was collected in a small beaker and periodically
transferred to a quart jar during a run. Water and soil
losses were determined by gravimetric procedures.
Residue decomposition study
A standardized procedure for collecting and processing
cornstalk residue samples was followed (ARS 4-1-68, 1962). A
9-5 3^ foot sample area was located adjacent to each of the
12 yield plots in April 197^• Cornstalk residue was periodi
cally sampled over the 197^ corn crop growing season from sub
plots measuring 38 by 68 inches (2 sq. yards). The plant
parts that were sampled included stalks and leaves but excluded
crowns and cobs. Sampled residue included that lying on the
surface auid incorporated in the soil. However, no differentia
tion was made between the surface and subsurface residue. No
estimate was made of the com residue remaining from the 1972
crop year. It was considered to be a very low amount, since
18 months had elapsed between the time the plant tops (stalks
and leaves) were returned to the soil (October 1972) and plot
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sampling was initiated (April 197^). There was no visual
evidence of bromegrass residue.
Most of the residue was raked to one end of the subplot
and sacked in a burlap bag. However, some incorporated resi
due still remained after raking. A small scoop was used to
loosen the soil and remove the remaining residue. About 100-
150 pounds of soil generally had to be collected from each sub
plot to ensure complete residue removal.
The samples were transferred to a grassed area near the
watershed for processing. A 30 gallon trash barrel was used
to separate the residue and soil material. The sample was
dumped into the barrel and rapidly stirred while adding water
until all residue had floated to the surface. The residue was
then placed on a 2 mm (.079 inch) screen and gently washed
with a garden hose to remove the remaining soil material.
After washing, the residue was dried at 70C (I58F). The
residue was weighed and a subsample ground for nutrient an
alyses. The ground residue was stored in capped plastic vials
until the analyses could be completed. The samples were
analyzed for C, N, P, and K content.
The Leco automatic 70-second carbon analyzer was used to
determine the carbon content of the residue. A description
of this technique is given by Tabatabai and Bremner (I970),
The procedure involves the combustion of the corn residue in
an induction furnace in a stream of purified oxygen. The CO2
that is evolved is measured by a thermal-conductivity tech-
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nique. Total N of the residue was determined by steam dis
tillation of ammonia into boric acid and titration with dilute
HgSOj^. Phosphorus was determined by colorimetric procedures
using a modified vanado-molybdate technique. Potassium was
determined using a flame photometer with lithium as the in
ternal standard.
The climatic variables including precipitation, soil
moisture, and soil temperature that influence the rate of
residue decomposition were measured. Precipitation was
recorded in a standard 8 inch weighing rain gage located in a
weather station adjacent to watershed 3* Soil moisture was
determined by gravimetric procedures from samples generally
collected bimonthly from the watershed. Reported data repre
sents the average moisture content each month of the 0-3 inch
soil zone. Precipitation and soil moisture data were collected
by personnel of the USDA Agricultural Research Service. Daily
soil temperatures were not measured on the watershed. There
fore, daily temperatures for the 2.25 inch depth were deter
mined from records maintained near Shenandoah, Iowa by the
May Seed and Nursery Co. Shenandoah is located about 35 miles
southeast of the watershed. The daily soil temperatures were
determined from an average of measurements obtained at 0800,
1200, and 1700. Reported data represent monthly averages of
the daily soil temperatures.
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Laboratory Study
Mineralization of organic N
The N mineralization potential (Nq) of the soil organic
matter was estimated using the procedure of Stanford et al.
(197^). They demonstrated using eight Idaho soils that Nq
could be adequately estimated from the amount of N mineralized
from a two week incubation immediately following an initial
one week incubation. The initial incubation was essential be
cause the rate of N mineralization between this and the ensuing
two week incubation was often quite different. This difference
was attributed to several possible factors, one of which in
cluded the characteristics of the decomposing plant residue.
The factors affecting N immobilization and mineralization
transformations have already been discussed. If the decompos
ing residues had a low N content, the N that was mineralized
would probably be immediately immobilized by soil micro
organisms. The method of soil pretreatment could also affect
the initial N mineralization rate. They report that drying
or freezing samples after collection can increase the rate of
N mineralization.
The estimate of Nq from the two week incubation was very
similar to that determined from incubation periods of eight
weeks or longer. The relationship between Nq determined from
five consecutive incubations and the first two week incubation
for the Idaho soils is shown in Table 2. The X and Y means
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Table 2. Regression of N mineralization potential. Nq. de
rived from five consecutive incubations (Y) on Nq
calculated from two week incubations following
preliminary one week incubations (X) (from Stanford
et al., 197^)
Idaho soil
Number
of soil
samples
Means (uDm)
Y X
Regression
coefficient
AY/AX^ r2
Truesdale 1 9 83 85 1.24±0.33 0.92
Bahem vfsl 9 73 73 0.94±0.36 0.84
Power sil 9 113 116 i.oo±o.3i 0-90
Portneuf sil 9 103 109 1.05±0.49 0.78
Portneuf sil 9 117 127 0.89±0.22 0.94
Declo 1 9 104 95 0.89±0.33 0.87
Portneur sil 9 70 73 1.16±0,33 0.91
Pancheri sil 9 108 103 0.97±0.i6 0.97
®^Value following ± is the product of the standard devia
tion of the regression coefficient, S^, and t^
are similar with the coefficients of determination (r ) ranging
2
between .78 and .97« About 3^% of the r values were greater
than .90,
A general discussion of the procedures followed in this
study is now given. In October 197^» six soil samples were
composited from the 0-12 and 12-24 inch soil zones at each
sample site. Sites included the ridge, middle, and bottom
slope positions of line 4 on watershed 3 and one yield line on
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watershed 2 having similar aspect. The samples were thor
oughly mixed, air dried, and ground to pass a 20 mesh sieve.
Triplicate 4o gram (1.41 ounce) samples were mixed with 7 grams
(.25 ounces) of exfoliated vermiculite and placed in a 75 ml
(4.58 cubic inch) leaching tube (I.D. 1.25 inches). Prior to
mixing the soil and vermiculite, 10 grams (.35 ounces) of
sand was placed in the bottom of each leaching tube after
packing the neck with glass wool. The samples were leached
with 150 ml (.32 pints) of .OlM CaClg and I5 ml (.03 pints)
of minus-N nutrient solution (.002M CaS0/ '^2H20, .002M
' 7H2O , .005M Ca(H2pO;^)2• H2O , and .0025^1 K2S0^) to remove
inherent NO^-N. After the initial one week incubation, the
samples were periodically releached every two weeks for the
duration of the study. The .OlM CaClg was used as the major
leaching solution because it removes very little water-soluble
organic N. Leaching with the minus-K solution ensured an
ample nutrient supply for biological growth. Soil moisture
was adjusted to near field capacity by applying .8 bar (23.62
inches Hg) vacuum for 20 minutes. The samples were incubated
at 35c (951*') for cumulative incubation periods of 1, 3, 5, 7,
and 9 weeks. Several open pans of water in the incubator
maintained atmospheric humidity near saturation.
The neck of each leaching tube was placed in a rubber
stopper and inserted into a pint jar. A glass wool pad was
placed on top of the soil to prevent soil dispersion while
the leaching solutions were being poured into the tube. The
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leaching solutions moved readily through most of the samples.
However, the movement through a few samples was found to be
extremely slow probably indicating nonuniform particle size
distribution. A manifold system was devised whereby a minimum
vacuum of .1 bar (2.95 inches Hg) could be applied to the slower
leaching SEimples- The vacuum was periodically increased to
maintain as near uniform leaching rate as possible for all
samples. This vacuum system was used to remove the excess
solution from the samples after leaching. Suction was applied
to the samples from a portable vacuum pump attached to the
manifold system. The pint jars were connected to the manifolds
with pressure-vacuum and polyethylene tubing (I.D. 1/8 inch).
The leaching apparatus including the leaching tubes, pint jars,
and manifold system is shown in Figure 4,
The leachate was collected in the pint jars and measured
to the nearest milliliter (.002 pint) with a graduated cylin
der. Distilled water was added to each sample to bring it up
to a constant volume of I70 ml (.36 pints). After thoroughly
shaking the sample, a 50 ml (.11 pint) subsample was obtained
for NO^-N analysis. All samples were refrigerated at
(39F) until the chemical analysis could be completed. Nitrogen
analyses were performed at the USDA Agricultural Research
Service soils laboratory at the University of Nebraska.
Lincoln, using continuous flow colorimetric procedures.
36
Figure Leaching apparatus used in nitrogen mineralization
study
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To determine Nq for each of the watersheds, the three
slope positions (ridge, middle, and bottom) had to be weighted
according to the area they represented. It was decided the
middle slope represented 60% of each watershed while the
ridge and bottom slopes represented 20% each.
Data Analyses
The models for the analysis of variance which will be
used to determine statistical differences over time due to the
variates arei
Rainfall-simulator study
X(IJ) = A(I) + E(IJ)
where the variates
A(I) = sample times (I = 1, 2, 3, ?)
E(IJ) = "error"
Restraint on Model
1. E(IJHN(0, tJ^)
Residue decomposition study
X(IJK) = A(I) + B(J) + AB(IJ) + E(IJK)
where the variates
A(I) = sample times (I = 1, 2, 3j«**»*»9)
B(J) = slope position (J = 1, 2, 3)
AB(IJ) = sample times by slope position interaction
E(IJK) = "error"
38
Restraint on Model
1. E(IJK).-^N(0, a^)
An underlying assumption of the analysis of variance is
that the experimental errors must be independently and normally
distributed about a zero mean with a common variance. In
cases where this assumption is not valid, the level of sig
nificance and sensitivity of the overall F test can be
affected. Also, the pooled variance from this analysis should
not be used to make comparisons among treatment means by any
of the available tests.
Sample means either tended to increase or decrease over
time in this study depending upon the factor under considera
tion. For example, soil losses from the rainfall-simulator
study increased greatly over the duration of the study while
the quantity of surface residue decreased. The size of the
sample mean can have an effect on the variance. The variation
of individual observations about a high mean can be consider
ably greater than the variation about a low mean simply because
of a greater base for variation.
Hartley's Maximum F-ratio was used to evaluate the
homogeneity of variance. Steel and Torrie (I96O) discuss
this test for two groups.
For the laboratory study, the relationships between
i
the cumulative Nmineralized (N^) and time (t^) was determined
using linear regression techniques. Linear regression was
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also used to evaluate the relationship between determined
from a two week incubation following an initial incubation
sind Nq determined from five consecutive incubations over a
nine week period.
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RESULTS AND DISCUSSION
This section discusses the results of the study as re
lated to the original objectives. Since much of the study was
conducted in the field under less than optimum conditions, the
environmental factors affecting these results are discussed.
Time was aji important variable studied, therefore, figures
are frequently used to illustrate the results.
Field Studies
Rainfall-simulator study
Water and soil losses are shown in Table 3« Water loss
was not influenced by residue cover and tillage operation.
Average water loss was 2.5^ inches, 6^5? of that applied. Soil
loss generally increased with time and was markedly influenced
by tillage operation. The total quantity of residue did not
change appreciably from April 6 to July 12; however, soil
loss increased about 800^ due to a reduction in surface cover
by tillage. Soil loss before and after planting was 2.16 and
4.83 tons/acre, respectively, increasing to 16.66 tons/acre
after cultivation. These results illustrate that residue
position and degree of incorporation greatly affect the magni
tude of soil loss. Soil losses in August, September, and
October generally tended to increase due to a reduction in
surface cover related to progressive decomposition of the
residue. Under actual field conditions, the effect of
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Table 3. Effect of cornstalk residue decomposition and till
age operation on water and soil losses
Date
Water loss
(inches)
Soil loss
(tons/acre)
September 19, 1973 2.38 ± .21^ i.kz ± .33
April 6, 197^ 2.52 ± .10 2.16 ± .00
J\me 6 2A6 ± .30 4-.83 ± 2.24
July 12 2.66 ± .20 16,66 ± 3-10
August 30 2.51 ± .20 23.49 ± 4.88
September 27 2.80 ± .12 17.93 ± 3.84
October 23 2A2 ± .37 26.38 ± 4.62
^Standard deviation of mean of four replicates.
cultivation on soil loss would not be as great because the
ridges would help reduce the overland movement of soil.
In conclusion, the residue was highly effective in pro
tecting the soil surface and reducing soil loss in April,
May, and early June during the critical seedbed and establish
ment period. The residue no longer provided adequate protec
tion against soil loss after the middle of June. However,
the residue is no longer critically needed because the crop
canopy begins to dissipate the kinetic energy of the raindrops,
and the ridges help to minimize the overland movement of soil.
The standard deviation of the mean tended to increase
with increased soil loss and largely reflected within site
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sampling variation of four undistrubed samples.
Residue decomposition study
Precipitation, soil moisture, and soil temperature for
each month of the study are shown in Table 4. Total precipi
tation was very similar to the long-term average; however, the
distribution was greatly different with rainfall in June and
July being quite low. Low soil moisture during these months
undoubtedly became the factor limiting the rate of microbial
activity and subsequent residue decomposition.
Unless otherwise specified, statistical analyses indicated
that differences over time were highly significant (Ifo) and
that the effect of slope position was not significant. There
was no systematic relationship between the size of the sample
means and their variance. Hartley's Maximum F-ratio indicated
the variances were homogeneous as tested at the 5% level.
Duncan's multiple range test was used to determine differences
among the sample means.
The rate of cornstalk residue decomposition is shown in
Figure 5« Decomposition progressed rapidly in the first
period from September 1973 to April 1974 with a 53^ reduction
in residue weight. This loss is attributed to decomposition
of the more readily decomposable portions of the residue such
as leaf material. Decomposition was much greater than antici
pated during this period indicating that the C/N ratios under
field conditions do not provide as good an index of decomposi-
^3
Table Precipitation, soil moisture, and soil temperature
for a mulch tilled watershed from September 1973
through October 197^
Month
Precipitation
(inches)
Average
soil ^
moisture
Average
soil Q
temperature
(F)
September 8.67 (3.15) 23.9 66
October 3.01 (2.04) 29.2 59
November 1.32 (1.18) — 46
December 1.98 (0.86) — 35
January .29 (0.73) — 33
February .1^ (0.93) — 31
March -96 (1.^1) — 43
April 2.61 (2.62) 28.6 54
May 3.75 (3.73) 26.5 64
June .95 (4.69) 23.1 73
July- .35 (3.71) 13.0 80
August 7.04 (3-43) 21.1 74
September 1.39 (3.15) 26.7 66
October 2.79 (2.04) 20.8 57
Number in parentheses is the long-term average monthly
precipitation recorded at Omaha, Nebraska.
year,
Soil moisture measured from April through October each
c •Soil temperature measured under bare soil by May Seed
and Nursery Co., Shenandoah, Iowa.
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tion rate as they do under laboratory conditions. Decomposi
tion proceeded at a very slow rate in the summer after soil
moisture became limiting. Increased soil moisture in August
evidently caused a rapid increase in microbial activity
evidenced by the sharp decrease in residue weight. Decom
position at the end of 13 months was about 7955 of the original
residue weight.
Total carbon, total nitrogen, and the C/N ratio of the
decomposing residue is shown in Figures 6, 7» 3-nd 8, respec
tively. Also shown are the C and N percentages of the residue
material. Carbon content of the residue decreased propor
tionately to the loss in residue weight, with an 81fa loss over
the 13 month study. Carbon percentages remained relatively
constant except for a sharp decline during June, July, and
August. The primary decomposition products of carbonaceous
material are CO2 and microbial structural material. It is not
understood why C percentages decreased significantly during a
period of very low residue decomposition rate.
Nitrogen content of the residue decreased sharply over
the first period of study. The organic N compounds appeared
to be mineralized at a rate almost proportionate to the decom
position of the residue. The reduction in N weight of almost
^39^ was unexpected. It is widely accepted that during the
initial stages of decomposition the residue is rapidly
attacked by soil microorganisms, and the N in the residue is
mineralized and made available for microbial use. Therefore,
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the N content of the residue is expected to remain relatively
constant or increase depending upon the amount of inorganic N
immobilized from the soil. A net release of N is usually not
expected until the advanced stages of decomposition* It was
found that 28p6 of the total N in the residue at harvest was
extractable in cold water. It was expected that this inor
ganic N would have been immobilized rather rapidly and con
verted back into organic N during the early stages of decom
position, but evidently it was not. This fact indicates that
the N requirements for residue decomposition under field con
ditions may be lower than laboratory studies have indicated.
The weight of N in the residue increased by about 28^ in the
early summer, and then steadily decreased until the end of the
study. After 13 months, about 60^ of the original N in the
residue had been lost.
The N percentage of the residue increased from .76 to
1.4l^ over the I3 month period of study. Much of this increase
occurred in the last three months when soil moisture no longer
limited microbial activity. Statistical analysis indicated
that slope position had a highly significant (1%) effect on
the N percentage of the residue. The highest N percentage
generally was associated with the ridge slope position. The
residue on the bottom slope generally had the lowest N per
centage. The data illustrate that mineralization and immo
bilization ttansformations occur in the soil simultaneously,
and that only the net effect is actually measured. In August,
50
N was rapidly immobilized as evidenced by the sharp increase
in N percentage. However, the N content of the residue
actually decreased because mineralization proceeded at a
faster rate than immobilization. The C/N ratio of the residue
declined from ^8 to 23 over the 13 month study. The decrease
in the G/N ratio was due to a loss in C content rather than
increase in N content. Statistical analysis indicated that
slope had a significant (5^) effect on the C/N ratio. The
highest and lowest C/N ratios were associated with the ridge
and bottom slope positions, respectively.
The P content of the residue is shown in Figure 9*
Initially, the residue contained 8.8 lbs/acre of P. By the
end of the first period, about 51^ of the initial P in the
residue had been lost. The net release of P at this early
stage of decomposition was not anticipated. It has already
been discussed why the net release of N was not expected.
Since both N and P enter into mineralization and immobiliza
tion transformations, further discussion of the topic would
be repetitive. Phosphorus content in the residue remained
relatively constant during the summer and then decreased during
the last three months. By the end of the study, about 7^^ of
the original P content had been lost from the residue. The
P percentage of the residue increased from .110 to .132^ over
the 13 month study. Much of this increase occurred in August
when adequate soil moisture and high temperatures favored
rapid microbial growth and subsequent P immobilization.
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The content of K in the residue is shown in Figure 10,
Of the three macronutrients (N,P,K) required for crop growth,
K is taken up by the stalk portion of corn plants in the
largest amount. However, K remains relatively active in the
plant and does not enter into organic combinations to any
appreciable extent. After the residues are returned to the
soil, much of the K in the residue is readily leached into
the surrounding soil. Potassium content decreased by about
88^ by the end of the first period. Both K content and K
percentage of the residue tended to increase during the sum
mer. After 13 months, 95?^ of the original K had been released.
The K percentage of the residue decreased from 1.5^ to .37
during the study. Statistical analysis indicated that slope
position had a highly significant {Vfo) effect on K content
and K percentage of the residue. Both the K content and K
percentage of the residue successively declined over the
ridge, middle, and bottom slope positions.
Laboratory Study
Mineralization of organic N
The relationship between the cumulative amount of N
(NO^-N) mineralized in the ^0 gram (1.^1 ounce) soil sample
and the square root of time was determined using linear re
gression techniques. The slope of the regression line indi
cated the relative rate of N mineralization. The steeper
the slope of the regression line, the more N that was
0
)
s
.
u (/
>
4
^
c <
u
o o <
/)
(
/) <
a
o o
.
1
2
3
r
e
fg
V
•
P
o
ta
s
s
iu
m
C
o
n
te
n
t
o
P
o
ta
s
s
iu
m
P
e
rc
e
n
ta
g
e
n
l
.5
4
0
-
.6
0
0
-
.5
0
0
-
.4
0
0
-
.3
0
0
.2
0
0
0
)
o
>
iO +
-> c 0
)
u s
.
<
u
O
-
l/
i
{
/)
(O 4
-> o Q
.
S
e
p
t
O
ct
N
ov
D
ec
Ja
n
F
eb
M
ar
A
p
M
y
Ju
n
Ju
l
A
ug
S
e
p
t
O
ct
F
ig
u
re
1
0
.
P
o
ta
ss
iu
m
c
o
n
te
n
t
o
f
c
o
rn
s
ta
lk
re
s
id
u
e
d
e
c
o
m
p
o
si
n
g
o
n
a
m
u
lc
h
ti
ll
e
d
w
a
te
rs
h
e
d
,
a
n
d
p
o
ta
s
s
iu
m
p
e
rc
e
n
ta
g
e
o
f
r
e
s
id
u
e
.
P
o
in
ts
a
s
s
o
c
ia
te
d
w
it
h
d
if
f
e
r
e
n
t
le
tt
e
r
s
a
re
s
ig
n
if
ic
a
n
tl
y
d
if
fe
re
n
t
a
t
th
e
5?
^
le
v
e
l
V
J\
5^
mineralized per unit time. The trends in N mineralization
indicated by the slope of the regression (ppm/week^) are
shown in Table 5* Mineralization proceeded at a faster rate
(depicted by the steeper slopes) for the 0-12 inch depth as
compared to the 12-2^ inch depth on both watersheds due to
more mineralizable N available. This is related to organic
matter content and distribution within the soil profile.
Mineralization rates on watershed 3 were higher for all slopes
and depths than on watershed 2» The differences in rate of
mineralization reflect previous management practices and their
effect on organic N supply. Watershed 3i as discussed in the
previous section, had been in bromegrass pasture for 12 years
prior to the initiation of mulch tillage in 1972. This is in
contrast to watershed 2 which has been continuously cropped
to com since the early 1960's. Orgsinic N levels in soils are
related to the C and N balance (input vs. output) and the
amount of tillage. Therefore, the previous management prac
tices on watershed 3 have been more conducive for the main
tenance of high organic N supply. The data well illustrate
this management practice effect.
Table 5 also shows that cumulative N mineralization was
highly linear related to the square root of time. The coeffi
cient of determination (r^) ranged between .928 and .99?.
Stanford and Smith (1972) found similar relationships over a
30 week incubation period.
The relationships between the cumulative N mineralization
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Table 5- Rates of nitrogen mineralization (ppn/week^)
as depicted "by the slope for the regression^of
cumulative nitrogen mineralization on weekss
Slope
position
Ridge
Middle
Bottom
Ridge
Middle
Bottom
Ridge
Middle
Bottom
Ridge
Middle
Bottom
Depth
(inches)
Slope of
regression
line
Watershed 2
0-12 31.3
0-12 20,7
0-12 25.8
12-24 14.9
12-24 7.9
12-24 20.3
Watershed 3
0-12 35.7
0-12 31.4
0-12 30.8
12-24
12-24
12-24
23.2
24.7
22.3
.997
.928
.975
.984
.972
.986
.99^
.987
.971
.987
.996
.978
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and the square root of time on a weighted watershed basis for
the 0-12 and 12-2^ inch depths are shown in Figures 11 and 12,
respectively. Based on the slopes, the mineralization rate
on watershed 3 for the 0-12 inch depth is about Jkfe higher
than that on watershed 2. For the 12-24^ inch depth, the
mineralization rate on watershed 3 is 59?^ higher. It is not
understood why N mineralization on watershed 3 is proportion--
ately higher for the 12-2^ inch depth. This is related to the
low rate of mineralization for the middle slope position of
p
watershed 2 (Table 5)« The r values are very high indicating
strong relationships between the two variables.
Stanford and Smith (1972) conducted an extensive study of
39 widely differing soils to determine N mineralization po
tentials (Nq) based on the equation, log (Nq - N^) = log Nq -
kt/2.303 where = cumulative N mineralized, t = time, and
k = rate constant. The rate constant, k, depends on moisture
and temperature conditions of the soil. The N mineralization
potential was estimated from the regression of log (Nq - N^)
on t, Stanford and Smith (1972) discuss this estimation
procedure in detail.
Stanford et al, (197^) reported on new, less laborious
techniques for estimating Nq. They found that the slopes of
the regressions of cumulative N mineralization and the square
root of time were linearly related to Nq according to the
equation, Nq = 6,5 x ^N^/At^. They also estimated Nq from a
two week incubation based on the expression, Nq = 9.77N^,
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This was determined by solving the equation log (Nq - N^) =
log Nq - kt/2.303 for Nq. The rate constant, k, is 0.05^ for
a two week incubation at 35C (95^^)* One of the objectives of
this laboratory study was to compare these two procedures
for estimating Nq,
The estimates of Nq based on Nq = 6.5 x
shown in Table 6, Also shown is Nq determined from the second
two weeks incubation. Comparison of the two techniques indi
cates relatively close agreement. However, Nq based on Nq =
6.5 XAN^/At^ is generally higher than Nq based on the second
two weeks incubation. The rate of N mineralization during the
preliminary one week incubation was generally higher than for
the following two week incubation periods. Since the soils
were not frozen or oven dried prior to incubation, the initial
high rate of mineralization may have been related to N min
eralization from high-N residues. Therefore, it is believed
that Nq from 9«77N^ is the most reliable estimate of the actual
mineralization potential of the soils in this study.
Table 6 also shows Nq as a percentage of total soil N.
Generally, there was a higher proportion of mineralizable N
in the 0-12 inch depth. This suggests basic differences in
the chemical nature of total N within the soil profile.
Stanford et al. (197^) demonstrated that Nq could be
reliably estimated from the first two weeks incubation follow
ing an initial one week incubation. The results of this study
showed that a longer preliminary incubation period was
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necessary especially for the soils on watershed 3» Based on
the 18 samples from each watershed (3 slope positions x 3
replicates x 2 depths), the regression of Nq from Nq = 6,5 x
AN^At^ and Nq from the second two week incubation for water
shed 3 is shown in Figure 13- This regression can be compared
with the one of Nq from Nq = 6.5 x AN^/At^ and Nq from the
first two week incubation. It is obvious that Nq cannot be
reliably estimated from the amount of N mineralized during the
first two weeks incubation. The rate of N mineralization in
creased during the first two week incubation for the soils
representing the 12-24 inch depth. No explanation is known,
but the results were consistent among the three slope posi
tions. Similar regressions for watershed 2 are shown in
Figure 14. It is evident that Nq could be reliably estimated
from either the first or second two weeks incubation. Based
on the results of this study, it is recommended that a pre
liminary incubation period of at least two weeks be used.
Stanford et al. (1974) discussed the use of Nq for
predicting the amount of N mineralized under field conditions.
Basically, the amount of N mineralization is a function of
soil moisture and soil temperature. Moisture content is ex
pressed as a percentage of field capacity with field capacity
being considered optimum for N mineralization. The effect of
soil temperature on the rate constajit, k, has been discussed
by Stanford et al. (1973).
The estimated amount of Nmineralization (lbs/acre) for
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April through October is shown in Table ?. Differences in the
estimated amount of N mineralization between from Nq ==
6.5 XAN^/At^ and Nq from the second two weeks incubation are
due to basic differences in the concepts of Nq which have
already been discussed. About twice as much N was mineralized
in the 0-12 as in the 12-24 inch depths. Higher amounts of
mineralization in 1973 reflect more favorable soil moisture
conditions. Average annual N mineralization on watershed 2
and watershed 3 was 62 and 97 lbs/acre, respectively, based
on the second two week incubation.
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Table ?. Estimated quantities of nitrogen mineralized (April-
October) based upon the nitrogen mineralization
potential (Nq)
__ _
Depth (6.5 X AN/At®) (2 week incubation)
Year (inches) (lbs/acre) (lbs/acre)
Watershed 2
1973 0-12 53.0 ^6.2
12-2'+ 29.7 20.8
0-2'+ 82.7 67.0
197^^ 0-12 38.8
12-24 25.1 17.5
0-zk 69.6 56.3
Watershed 3
1973 0-12 87.0 69.k
12-2'f iH.l 35.6
0-2'f 128.1 105.0
197''^ 0-12 73.6 58.8
12-2'j. 35.8 31.0
0-zk 109.'+ 89.8
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SUMMARY
The objectives of this study were to determine the effect
of decomposing comstalk residue on water and soil losses, and
to quantify nitrogen inputs into the soil system from fresh
cornstalk residue and humus organic material. The rate of
release of carbon, phosphorus, and potassium from the corn
residue was also determined. The study was conducted over a
13 month period on a 10? acre mulch tilled watershed in south
western Iowa.
Water and soil losses were measured from small, undis
turbed soil samples using a rainfall-simulator. Water losses
were not influenced by the amount of surface cover. Soil
losses were highly related to tillage practice as it affected
residue position and degree of incorporation. Soil losses
also increased as the residue decomposed, but the effect was
not as great as with tillage.
Samples of cornstalk residue were periodically collected
from 12 sample sites strategically located over the watershed.
The residue was analyzed for weight loss and plant nutrient
content. By the end of the study, about 79?^ of the original
residue had decomposed. About two-thirds of this decomposi
tion occurred in the first seven months of the study. Carbon
percentage of the residue remained relatively constant during
the study except for a sharp decline during a period of low
residue decomposition. Carbon content decreased almost
68
proportionately to the loss in residue weight. Nitrogen per
centage of the residue almost doubled during the study, in
creasing from .76 to X,klfe, Total nitrogen in the residue
decreased by about 60fo compared to the original content. Over
two-thirds of this loss occurred during the first seven months
of the study. Phosphorus percentage of the residue increased
from .110 to .132^ with most of the increase occurring in the
last three months of the study. About 7^^ of the original
phosphorus in the residue had been released by the end of the
study. The potassium percentage of the residue decreased from
1.5^ to .37?^ with most of the decrease occurring during the
early part of the study. By the end of the study, potassium
content of the residue had decreased by about 95%*
The nitrogen mineralization potential of the soil organic
matter was determined by incubating soils under optimum mois
ture and temperature conditions for nine weeks. Rates of
nitrogen mineralization were higher on the mulch tilled water
shed than on a continuous com watershed planted by convention
al tillage methods. The amount of nitrogen mineralized under
fluctuating field moisture and temperature conditions was
estimated for 1973 and 197^« The amount of nitrogen miner
alized in the 0-12 inch depth was about twice as high as that
mineralized in the 12-2^ inch depth. The average annual
nitrogen mineralization for the conventional and mulch tilled
watersheds was estimated to be 62 and 97 pounds per acre,
respectively.
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For the mulch tilled watershed in 197^» "the total nitro'
gen input into the soil system from the fresh residue and
humus organic material was about 125 pounds per acre. This
nitrogen input represents about 84^ of the recommended
nitrogen fertilizer application rate for southwestern Iowa
(150 pounds/acre) and illustrates the importance of the
nitrogen mineralization process to crop production.
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